We demonstrate herein the synthesis and modification of magnetic nanoparticles and its use in the immobilization of the lipase. Magnetic Fe 3 O 4 nanoparticles (MNPs) were prepared by simple co-precipitation method in aqueous medium and then subsequently modified with tetraethyl orthosilicate (TEOS) and 3-aminopropyl triethylenesilane (APTES). Silanization magnetic nanoparticles (SMNP) and amino magnetic nanomicrosphere (AMNP) were synthesized successfully. The morphology, structure, magnetic property and chemical composition of the synthetic MNP and its derivatives were characterized using transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FT-IR) analysis, X-ray diffraction, superconducting quantum interference device (SQUID) and thermogravimetric analyses (TGA). All of these three nanoparticles exhibited good crystallization performance, apparent superparamagnetism, and the saturation magnetization of MNP, SMNP, AMNP were 47.9 emu/g, 33.0 emu/g and 19.5 emu/g, respectively. The amino content was 5.66%. The AMNP was used to immobilize lipase, and the maximum adsorption capacity of the protein was 26.3 mg/g. The maximum maintained activity (88 percent) was achieved while the amount of immobilized lipase was 23.7 mg g −1
Introduction
Much efforts have been devoted to the research on metal oxide nanoparticles due to their properties such as superparamagnetism, high surface area, large surface-to-volume ratio, easy separation under external magnetic fields. [1] [2] [3] From the past few decades, nanosized iron oxide particles have attracted great attention in the fields including, but not limited to, immunoassay, 4,5 biosensor, 6,7 bioseparation, 8, 9 targeted drug delivery, 10, 11 and environmental analysis 12, 13 and protein immobilization. [14] [15] [16] [17] [18] [19] [20] [21] However, the bare Fe 3 O 4 NPs have high reactivity and easily undergo degradation upon direct exposing to certain environment, leading to poor stability and dispersity. Therefore, the surface of magnetic nanoparticles should be modified to improve the dispersity and biocompatibility, which could significantly facilitate its utilization.
From more than 500 strains of marine microorganisms, we isolated a marine yeast Bohaisea-9145, which can secrete marine cold-adapted lipase with good properties such as high catalytic activity at low-temperature, good stability under alkaline conditions, good compatibility with metal ions and high affinity to a number of long-chain substrates. [22] [23] [24] Therefore, the enzyme has good application prospects. However, the application of free lipase-catalyzed reactions in industrial production encounters various limitations such as two-phase separation difficulty, difficult recovery and easy aggregation in the course of the reaction. Immobilized enzyme technology can overcome these shortcomings of the free enzyme, which could lower the cost of enzyme applications and further broaden their industrial applications.
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In this work, monodisperse Fe 3 O 4 NPs were initially synthesized using coprecipiation method, and subsequently coated with silica to form a outer silica shell, then the surface modification of these particles through the grafting of aminopropylsilane groups (3-aminopropyl) triethoxysilane (APTES). The as-synthesized magnetic NPs were utilized for lipase immobilization, which could contribute to the efficient and fast separation of lipase from the reaction mixture under external magnetic fields, and thus facilitate the economical and practical applications of lipase in hydrolysis, esterification and transesterification in chemical, pharmaceutical and food industries. . The silica shell onto particles was synthesized via hydrolysis of TEOS in basic solution via Stöber's method with minor modification. Briefly, 100 mg magnetite nanoparticles were dispersed into a mixture of 80 mL ethanol and 20 mL distilled water in argon atmosphere and sonicated for 15 min, followed by the addition of 2.5 mL ammonia water. 2 mL tetraethyl orthosilicate (TEOS) was then added to the reaction solution under vigorous stirring. The resulting dispersion was mechanically stirred for 4 h at room temperature. The magnetic Fe 3 O 4 @SiO 2 nanoparticles were collected by magnetic separation and washed with ethanol and deionized water, and dried under reduced pressure.
Experimental
Aminopropyl Modified Fe 3 O 4 @SiO 2 NPs (denoted as Fe 3 O 4 @SiO 2 -NH 2 ). Briefly, 10 mg Fe 3 O 4 @SiO 2 NPs were dispersed into 50 mL toluene and sonicated for 10 min, followed by the addition of 2.0 mL ammonia. 200 μL (3-aminopropyl) triethoxysilane (APTES) was then added into the above solution under vigorous stirring in argon atmosphere. The final product was magnetically separated, completely washed with toluene. This coating formed an extra NH 2 -silica layer.
Lipase Immobilization onto Fe 3 O 4 @SiO 2 -NH 2 . 10 mg Fe 3 O 4 @SiO 2 -NH 2 NPs was added to phosphate buffere (pH 8.0, 50 mM) containing different amounts of lipase. The mixture was stirred at 200 rpm and 30 °C for 10 h. The immobilized protein was separated by magnetic decantation of the supernatant. The resulting immobilized lipase was washed using the same buffer until no protein could be detected. The amount of adsorbed protein on the supports was determined by measuring the protein concentration of the lipase solution and the supernatant by the Bradford method
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. Enzyme Activity Assay. Activity of the free or immobilized lipase was assayed using p-NitroPhenyl-Laurate (pNPL) as substrate. The assay procedure followed a reported literature 29 with minor modification. Briefly: Solution A: 40 mg of pNPL was dissolved in 12 mL isopropanol. Solution B: 0.4 g Triton X-100 was dissolved in 90 mL of 100 mM potassium phosphate buffer pH 7.0. The substrate solutions were prepared by dropwise addition of 0.2 mL solution A (pNPL) into 3 mL solution B under intense vortexing, which were stable for 1 h at room temperature.
To check the activity of the free lipase or immobilized lipase, a mixture of 0.1 mL A and 1.5 mL B was incubated at 35 °C for 3 min. Certain amount of free lipase or immobilized lipase were then added and incubated for 8 min. The reaction was terminated by boiling for 5 min, followed by centrifuging at 5000 rpm for 10 min (magnetic adsorption in the case of immobilized lipase). The amount of the product was checked by measuring absorbance of the supernatant at 410 nm. A boiled (5 min) enzyme sample undergone the same treatment, was used as a blank. One unit (U) of enzyme activity was defined as the amount of enzyme required for the liberation of 1 μmol pNP per minute under the assay conditions. The extinction coefficient of the pNP anion was 16 mM
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Characterizations
The bare and composite Fe 3 O 4 MNPs were characterized respectively by FT-IR analysis, X-ray diffraction analysis, TEM, magnetic measurements, and TGA. The IR spectra were recorded in the range 4000 to 400 cm −1 using KBr pellets on a Bruker Tensor 27 FT-IR spectrometer. The powder X-ray diffraction scans of samples were carried out on a Bruker D8 Advance Diffractometer using Cu-Kα radiation (40 kV, 40 mA). Diffractograms were obtained using continuous scanning mode from 5° (2θ) to 80° (2θ) at a rate of 4° min . The TEM images were recorded by a JEOL JEM-1200EX transmission electron microscope. The samples for TEM studies were suspended in ethanol in order to disperse the powders and a drop of the sample was deposited on a lacey carbon copper grid as a TEM support. The grid was dried under reduced pressure for 2 h at room temperature. The accelerating voltage of the TEM was 200 kV. The magnetic properties were performed at 300 K using a Quantum Design MPMS-XL 7 magnetometer. The TGA was carried out on a Netzsch STA409PC instrument in N 2 atmosphere (flow rate = 60 mL min 
Results and Discussion
FT-IR Analysis. Figure 1 shows the FT-IR spectra of the nanoparticles. The characteristic absorption of bare . These indicated the successful introduction of APTES to the surface of magnetic NPs.
TEM. The TEM images of three types of nanoparticles are shown in Figure 2 . The TEM observation indicates that the obtained Fe 3 O 4 nanoparticles have diameters around 7.6 nm ( Fig. 2(a) ), and it demonstrated spherical morphology. As shown in Figure 2 (Fig. 3(a) ) agree well with the standard Fe 3 O 4 (cubic phase) XRD spectrum. The peaks at 2θ = 30.2°, 35.6°, 43.2°, 57.3° and 62.9° were assigned to (220), (311), (400), (422), (511) and (440) reflections, 30 respectively. The above peaks were also observed in the spectrum of Fe 3 O 4 @SiO 2 NPs (Fig. 3(b) ) and Fe 3 O 4 @SiO 2 -NH 2 NPs (Fig. 3(c) ) except for the peak existed at 2θ = 25°, which might be attributed to the existence of amorphous SiO 2 . This illustrated that the crystalline structure of the modified nanoparticles was not changed during the modification process, indicating the surface modification and conjugation of the Fe 3 O 4 nanoparticles didn't affect the physical properties of the magnetite particles. The broadening of each peak in XRD mean crystallite size was calculated by applying Scherrer's equation: D = Kλ/βcosθ, where D is the average diameter, K is Sherrer constant, λ is ray wavelength (0.15406 nm), β is the peak width of half-maximum, and θ is the Bragg diffraction angle. The mean crystallite size for bare Fe 3 O 4 NPs was found to be 7.6 nm, which is basically in accordance with the TEM result.
Magnetic Properties. In order to study their magnetic behavior, the magnetic properties of the magnetic NPs were measured at room temperature using VSM. The hysteresis loops of the samples are shown in Figure 4 . The saturation magnetizations for bare Fe 3 O 4 , Fe 3 O 4 @SiO 2 and Fe 3 O 4 @SiO 2 -NH 2 NPs were found to be 48 emu/g, 33 emu/g and 20 emu/ g, respectively. The saturation magnetization decreased during the function modification process, indicating the coating formation on the surface of the MPs probably affects the magnetic ability. All of these three NPs showed negligible coercivity (Hc) and remanence, typical of superparamagnetic materials.
To further investigate the performace of Fe 3 O 4 @SiO 2 -NH 2 NPs under magnetic enviroment, Fe 3 O 4 @SiO 2 -NH 2 NPs were dispersed in water, resulting in a dark black dispersion. Then a magnet was placed near the cuvette to separate the nanoparticles. Within about 2 min, the nanoparticles were completely aggregated to the cuvette wall and the dispersion became clear and transparent (Fig. 5) . These good magnetic properties suggest that the prepared nanoparticles can potentially be used for magnetic field-guided targeting.
TGA. (Fig.  7) . The amount of protein adsorbed onto the supports increased with the increase of the protein concentration during the range of 0.0375 to 0.225 mg mL . The remained activity decreased while the amount of immobilized protein further increased, indicating too much protein on the surface affected the catalytic ability.
Conclusions
To develop magnetic nanoparticles for protein immobilization, monodisperse Fe 3 O 4 NPs were initially synthesized using coprecipiation method. A layer of SiO 2 was coated on the Fe 3 O 4 NPs by using a modified Stöber's method to avoid aggregation of the Fe 3 O 4 NPs. The magnetic nanoparticles were easily coated with silica shell as the iron oxide surface has a strong affinity for silica. To further improve the dispersity and biocompatibility, APTES was utilized for the further modification, resulting in the formation of Fe 3 O 4 @ SiO 2 -NH 2 particles with a diameter of about 10 nm. The assynthesized Fe 3 O 4 @SiO 2 -NH 2 NPs showed good magnetic propeties, which could imobilize lipase with a maximum absorption of 26.3 mg g 
